JUNCTION METHOD AND JUNCTION TOOL 



BACKGROUND OF THE INVENTION 

The present invention relates to a junction method for joining a plurality of plate 
5 materials superimposed in their thickness directions at points and a junction tool used for the 
junction method. 

A resistance welding method and a mechanical fastening method by rivets have 
been conventionally known as a method for joining a workpiece formed of a plurality of 
plate materials superimposed in their thickness directions at points. 
10 The resistance welding method has drawbacks in view of running cost and quality 

control. Namely, the resistance welding method requires a power source with large capacity 
at the time of junction. A welding electrode has a short lifetime because of contamination or 
wear. Further, equipment for supplying cooling water is required in order to cool the 
electrode. 

15 The mechanical fastening method by rivets has problems in that it requires a large 

number of rivet materials and such rivets lead to an increase in the weight of the resultant 
joined material. 

A friction agitation junction method has been known as a method for joining a 
workpiece at points (see Japanese Patent Application Laid-Open (JP-A) No. 2001-314982). 
20 In accordance with this method, junction is performed for a workpiece by using a junction 
tool configured by a first tool which includes a pin protruding from its distal end surface and 
a second tool which has a flat distal end surface. 

Specifically, in accordance with the friction agitation junction method, while the 
first tool is rotated, the workpiece is nipped by the junction tool and pressed. Then, the pin 
25 of the first tool is sunk into the workpiece. 



Then, the workpiece is softened by a friction heat generated by the rotation of the 
first tool and the first tool is even further sunk into the workpiece. Further, plastic flow is 
generated within the workpiece by the rotation of the first tool. The vicinity of the 
superimposed surface of the workpiece (i.e., surface at which adjacent two plate materials 
5 contact) is agitated by the plastic flow. 

After the agitation is sufficiently performed within the workpiece as described 
above, the first tool is pulled from the workpiece and the softened plate materials are cured. 
As a result, a plurality of plate materials are joined at points. 

Unlike the resistance welding method, in accordance with the friction agitation 
1 0 junction method, plate materials can be joined with a small capacity of power and equipment 
for supplying a cooling water is not required. Further, as a contamination or a wear does not 
occur in a junction tool, the tool can be used for a long time without maintenances. Thus, 
advantages such as a reduction in a running cost and an easy maintenance can be obtained. 

Moreover, unlike the mechanical fastening method by rivets, the friction agitation 
15 junction method has advantages that an increase in cost caused by rivet materials and an 
increase in the weight of the resultant joined material do not occur. 

In order to improve a junction strength in the friction agitation junction method, the 
amount of sinking of the first tool into the workpiece must be relatively increased and the 
range that plastic flow occurs within the workpiece (plastic flow range) must be expanded. 
20 In accordance with the friction agitation junction method, however, the thickness of 

the workpiece (plate material) is reduced by the amount that the first tool is sunk into the 
workpiece. Thus, when the amount of sinking of the first tool into the workpiece becomes 
large, the thickness of the plate material itself is significantly reduced, resulting in a decrease 
in the strength of the plate material itself. For this reason, there arises a problem in that 
25 although a junction strength is improved by sufficiently agitating the workpiece, the strength 



of the plate material is decreased, so that the strength of the junction portion is decreased. 

In accordance with the friction agitation junction method, the distal end (pin) of the 
first tool must be sunk into the vicinity of the superimposed surface of the workpiece. For 
this reason, when the thickness of a plate material to be joined is large, the distance between 
5 the surface of the workpiece and the superimposed surface is long, so that the amount of 
sinking of the first tool must be increased. Thus, as described above, the thickness of the 
plate material is significantly reduced, resulting in a decrease in the strength of the plate 
material itself. When the thickness of the plate material is large, a radiation capacity 
becomes large and thus plastic flow hardly occurs within the workpiece. Thus, the 

10 workpiece cannot be sufficiently agitated and a junction strength is decreased. In this way, 
in accordance with the conventional friction agitation junction method, a certain constraint 
about the thickness of joinable plate materials exists. 

The friction agitation junction method is suitable for joining relatively soft plate 
materials made of, e.g., aluminum alloys. Nevertheless, the tensile characteristics (tensile 

15 strength and proof stress) of a 5000 series alloy (Al-Mg) at high temperatures are 
significantly different from those of a 6000 series alloy (Al-Mg-Si). Thus, when plate 
materials made of a 6000 series aluminum alloy with relatively low strength are joined, a 
sufficient junction strength can be obtained. On the other hand, in the case where plate 
materials made of a 5000 series aluminum alloy with relatively high strength are joined, a 

20 sufficient junction strength cannot be obtained because a workpiece is hardly agitated. As 
described above, a certain constraint about joinable plate materials exists in a conventional 
friction agitation junction method. 

SUMMARY OF THE INVENTION 

25 The present invention was developed in view of the above-described circumstances 

3 



and an object of the present invention is to improve a strength of the junction portion in a 
junction method for joining a workpiece made of a plurality of plate materials superimposed 
in their thickness directions at points, to enable junction of the workpiece without constraints 
about thicknesses and materials of plate materials and to provide a junction tool which is 
5 suitable for the junction method. 

A junction method of the present invention is a method for joining a workpiece 
made of a plurality of plate materials superimposed in their thickness directions at points. 

In accordance with the junction method, the junction method utilizes a junction tool 
which is configured by first and second tools placed on a junction axis substantially 
10 perpendicular to the superimposed surface of the workpiece while nipping the workpiece 
therebetween and which has a pin protruding from the distal end surface of the first tool 
along the junction axis and a depression depressed at the distal end surface of the second tool 
along the junction axis. Further, the junction method comprises a first step of nipping the 
workpiece with the junction tool in the direction of the junction axis and pressing the same 
15 while rotating one or both of the first and second tools about the junction axis so as to sink 
the distal end portion of the junction tool into the workpiece; a second step of caulking, in the 
direction of the junction axis, the superimposed surface of the workpiece softened by a 
friction heat generated by the rotation of the junction tool by the pin of the first tool and the 
depression of the second tool; a third step of generating plastic flow within the workpiece by 
20 the rotation of the junction tool so as to agitate the vicinity of the superimposed surface of 
the workpiece; and a fourth step of pulling the junction tool from the workpiece. 

Because of such structure, in the first step, while at least one of the first and second 
tools being rotated about the junction axis, the workpiece is nipped by the junction tool in the 
direction of the junction axis and then pressed. Then, the distal end portion of the junction 
25 tool is sunk into the workpiece. Namely, the distal end portion of the workpiece is press- 



fitted into the workpiece. 

Subsequently, in the second step, the workpiece is softened by a friction heat 
generated by the rotation of the junction tool and thus the junction tool is even further sunk 
into the workpiece. As a result, the pin of the first tool presses the softened workpiece into 
5 the depression of the second tool, so that the superimposed surface of the workpiece is 
caulked in the direction of the junction axis. 

In the third step, plastic flow occurs within the workpiece by the rotation of the 
junction tool sunk into the workpiece. In this way, the vicinity of the superimposed surface 
of the workpiece is agitated and thus a plurality of plate materials are united. 
10 In the fourth step, the junction tool sunk into the workpiece is pulled therefrom. 

The workpiece is cooled and cured and then the junction for the workpiece is completed. 

A junction tool used for a conventional friction agitation junction method has only a 
pin. Thus, a workpiece is only agitated. Plastic flow generated within the workpiece at that 
time is mainly a flow along the superimposed surface of the workpiece. 
15 The junction tool used for the junction method of the present invention has a pin 

and a depression opposing the pin. For this reason, as described above, as well as the 
workpiece is agitated, the superimposed surface of the workpiece is caulked in the direction 
of the junction axis. 

Because the superimposed surface of the workpiece is caulked in the direction of 
20 the junction axis, not only the plastic flow along the superimposed surface of the workpiece 
but also a plastic flow in the direction of the junction axis occurs within the workpiece. 
Thus, the workpiece is agitated in the direction along the superimposed surface and the 
direction perpendicular to the superimposed surface (i.e., the direction of the junction axis), 
respectively. 

25 In accordance with this junction method, the junction for the workpiece is 



performed by combining the agitation within the workpiece with the caulking thereof and 
thus a junction strength is significantly improved as compared to conventional cases. 

Further, in accordance with conventional junction methods, agitation within a 
workpiece is not sufficient in the case of joining thick plate materials or joining plate 
5 materials with relatively high strength. Thus, a sufficient junction strength cannot be 
obtained. On the other hand, in accordance with the junction method of the present 
invention, even if the agitation within the workpiece is not sufficient, a junction strength is 
increased by caulking the superimposed surface of the workpiece, and thus a sufficient 
junction strength can be obtained. Accordingly, in accordance with the junction method of 
10 the present invention, junction for a workpiece can be carried out without constraints about 
thicknesses and materials for plate materials. 

A junction tool which has an annular concave groove at the distal end surface of the 
first tool so as to surround the pin may be used. 

Thus, in the second step, as described above, the superimposed surface of the 
1 5 softened workpiece is caulked in the direction from the first tool to the second tool by the pin 
and the depression of the junction tool. 

As the annular concave groove is provided at the distal end surface of the first tool, 
the softened workpiece is pressed within the concave groove. The superimposed surface of 
the workpiece is caulked around the pin sunk into the workpiece in the direction opposite to 
20 the caulking direction (i.e., the direction from the second tool to the first tool). 
Consequently, the superimposed surface of the workpiece is caulked greatly in the direction 
of the junction axis and a caulking action is enhanced. As a result, a junction strength is 
improved. 

In the third step, a plastic flow mainly along the superimposed surface of the 
25 workpiece occurs within the workpiece by the rotation of the junction tool. In accordance 



with the workpiece being pressed within the concave groove of the first tool, a plastic flow in 
the direction of the junction axis (i.e., the direction perpendicular to the superimposed 
surface) is accelerated. The workpiece is sufficiently agitated in the direction along the 
superimposed surface and the direction perpendicular to the superimposed surface. As a 
5 result, a junction strength is even further improved. 

A junction tool which has an annular convex portion at the distal end surface of the 
second tool so as to surround the depression may be used. 

Thus, in the second step, as described above, the superimposed surface of the 
softened workpiece is caulked in the direction from the first tool to the second tool by the pin 
1 0 and the depression of the junction tool. 

Further, the softened workpiece is pressed in the direction from the second tool to 
the first tool by the annular convex portion provided at the distal end surface of the second 
tool. For this reason, the superimposed surface of the workpiece is caulked around the pin 
sunk into the workpiece in the direction opposite to the caulking direction. Thus, a caulking 
1 5 action is enhanced. 

Because the second tool contacts the surface of the workpiece at the distal end of 
the convex portion protruding from the distal end surface, the area that the second tool 
contacts the workpiece becomes small. Thus, a pressing force (force per unit area acting 
upon the workpiece from the first tool) of the portion of the first tool corresponding to the 
20 convex portion, i.e., the peripheral portion of the pin becomes large. The range of the plastic 
flow generated within the workpiece in the third step expands from the vicinity of the center 
of the first tool toward radially outside, so that the workpiece is agitated over a wide range. 
As a result, a junction strength is even further improved. 

Another junction method of the present invention utilizes a junction tool which is 
25 configured by first and second tools placed on a junction axis substantially perpendicular to 



the superimposed surface of the workpiece while nipping the workpiece therebetween and 
which has a pin protruding from the distal end surface of the first tool along the junction axis, 
an annular concave groove formed at the distal end surface so as to surround the pin, a 
depression depressed at the distal end surface of the second tool along the junction axis and 
5 an annular convex portion formed at the distal end surface so as to surround the depression. 
Further, the junction method comprises a first step of nipping the workpiece with the 
junction tool in the direction of the junction axis and pressing the same while rotating one or 
both of the first and second tools about the junction axis so as to sink the distal end portion of 
the junction tool into the workpiece; a second step of caulking, in the direction of the 

10 junction axis, the superimposed surface of the workpiece softened by a friction heat 
generated by the rotation of the junction tool by the pin and the concave groove of the first 
tool and the depression and the convex portion of the second tool; a third step of generating 
plastic flow within the workpiece by the rotation of the junction tool so as to agitate the 
vicinity of the superimposed surface of the workpiece; and a fourth step of pulling the 

1 5 junction tool from the workpiece. 

The junction tool used for the junction method has the pin and the depression. 
Thus, in the second step, as described above, the superimposed surface of the softened 
workpiece is caulked in the direction from the first tool to the second tool. 

As the annular concave groove is provided at the distal end surface of the first tool 

20 and the annular convex portion is provided at the distal end surface of the second tool, the 
superimposed surface of the workpiece is caulked greatly around the pin sunk into the 
workpiece in the direction opposite to the caulking direction (the direction from the first tool 
to the second tool) (i.e., caulked in the direction from the second tool to the first tool). As a 
result, a caulking action is even further enhanced. 

25 In the third step, a plastic flow along the superimposed surface of the workpiece 



occurs within the workpiece by the rotation of the junction tool. Further, a plastic flow in the 
direction perpendicular to the superimposed surface occurs by the concave groove of the 
first tool and the convex portion of the second tool. As a result, the workpiece is sufficiently 
agitated. 

5 As the second tool is provided with the convex portion, as described above, a 

pressing force around the pin of the first tool is increased and thus the range of the plastic 
flows generated in the third step is expanded. As a result, in accordance with the junction 
method of the present invention, a junction strength is even further improved. 

Even in the case of joining thick plate materials or plate materials with relatively 
10 high strength, in accordance with the junction method of the present invention, the 
workpiece can be sufficiently agitated and a sufficient junction strength can be obtained by 
caulking the workpiece. Consequently, various types of plate materials can be joined. 

A junction tool that the distal end surface of one of the first and second tools has a 
larger diameter than that of the other of the first and second tools may be used, and in the first 
15 to fourth steps, among the first and second tools, one that has a distal end surface with large 
diameter may be rotated about the junction axis. 

In the first step, the rotating tool is pressed against the workpiece so as to be sunk 
into the workpiece. As the rotating tool has a larger diameter at its distal end surface, the 
area that the tool contacts the workpiece becomes large. Thus, a pressing force of the tool is 
20 reduced and sinking of the tool into the workpiece is suppressed. As a result, a reduction in 
the thickness of a plate material is suppressed. 

In the third step, the area that the rotating tool contacts the workpiece becomes large 
and thus the amount of heat generated by friction is increased. Thus, the range of the plastic 
flows within the workpiece is expanded. 
25 Especially when a junction tool in which the distal end surface of the first tool has a 



larger diameter than that of the distal end surface of the second tool is used, sinking of the 
first tool with a pin into the workpiece is suppressed. Thus, the amount of sinking of the 
second tool with a depression into the workpiece is increased. The bottom portion of the 
depression of the second tool is positioned in the vicinity of the surface of the workpiece. 
5 The portion pressed into the depression of the second tool in the second step becomes a 
protrusion after junction for the workpiece. For this reason, the amount of sinking of the 
second tool into the workpiece is increased so that the bottom portion of the depression of 
the second tool is positioned in the vicinity of the surface of the workpiece. As a result, it is 
possible to prevent the protrusion from being protruded greatly from the surface of the 

10 workpiece and the appearance of the joined workpiece is improved. Especially if the distal 
end of the protrusion is flush with the surface of the workpiece, when another member is 
mounted to the surface of the workpiece, the another member may not be provided with a 
relief for the protrusion. 

When the distal end surface of a rotating tool has a large diameter, the distal end 

1 5 surface of a tool which is not rotated (irrotational tool) has a relatively small diameter. For 
this reason, the area that the irrotational tool contacts the workpiece is small, so that the 
amount of heat radiated via the irrotational tool is reduced. As a result, plastic flow within 
the workpiece starts early and the range of the plastic flow is expanded. 

A junction tool that one of the first and second tools has a large diameter portion 

20 which has a larger diameter than that of the distal end surface of the other tool and a small 
diameter portion which is placed at the distal end side of the tool with respect to the large 
diameter portion and is smaller in the diameter than the large diameter portion may be used. 
In the first to fourth steps, among the first and second tools, one with the large and small 
diameter portions may be rotated about the junction axis. 

25 In the first step, the rotating tool is pressed against the workpiece so as to be sunk 

10 



into the workpiece. As the rotating tool includes the small diameter portion with a small 
diameter, the small diameter portion is sunk into the workpiece relatively early. Thus, in the 
third step, the plastic flow within the workpiece occurs early. By generating the plastic flow 
relatively early, the workpiece can be sufficiently agitated even in the case of joining thick 
5 plate materials or plate materials with relatively high strength. 

When the small diameter portion is sunk into the workpiece, then the large diameter 
portion contacts the surface of the workpiece. As the area that the large diameter portion 
contacts the workpiece is large, sinking of the tool into the workpiece is suppressed. Thus, a 
reduction in the thickness of a plate material is suppressed. 
10 In the state that the large diameter portion contacts the surface of the workpiece, the 

amount of heat generated by friction is increased. Thus, as described above, the range of the 
plastic flow within the workpiece is expanded and the workpiece is agitated over a wide 
range. 

Especially when a junction tool that a small and large diameter portions are 
15 provided in its first tool is used, as described above, it is possible to prevent a protrusion 
from being protruded greatly from the surface of the workpiece after junction. 

A junction tool of the present invention is a tool for joining a workpiece made of a 
plurality of plate materials superimposed in their thickness directions at points. 

The junction tool comprises first and second tools that are placed on a junction axis 
20 substantially perpendicular to the superimposed surface of the workpiece so as to nip the 
workpiece, and one or both of the first and second tools being disposed so as to be rotated 
about the junction axis. The first tool is provided with a pin protruding from its distal end 
surface along the junction axis, and the second tool is provided with a depression which is 
depressed at its distal end surface along the junction axis. 
25 When junction is performed for a workpiece by using the junction tool, as described 
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above, as a matter of course, the workpiece is agitated sufficiently. Further, the 
superimposed surface of the workpiece is caulked in the direction of the junction axis by the 
pin of the first tool and the depression of the second tool. Thus, a junction strength can be 
improved. 

5 An annular concave groove may be provided at the distal end surface of the first 

tool so as to surround the pin. An annular convex portion may be provided at the distal end 
surface of the second tool so as to surround the depression. 

Another junction tool of the present invention comprises first and second tools that 
are placed on a junction axis substantially perpendicular to the superimposed surface of the 

10 workpiece so as to nip the workpiece, and one or both of the first and second tools being 
disposed so as to be rotated about the junction axis. The first tool is provided with a pin 
protruding from its distal end surface along the junction axis and an annular concave groove 
at the distal end surface so as to surround the pin, and the second tool is provided with a 
depression which is depressed at its distal end surface along the junction axis and an annular 

1 5 convex portion at the distal end surface so as to surround the depression. 

When junction is performed for a workpiece by using the junction tool, as described 
above, the workpiece is agitated in the direction along the superimposed surface and the 
direction perpendicular to the superimposed surface and caulked greatly in the direction of 
the junction axis by the pin and the concave groove of the first tool and the depression and 

20 the convex portion of the second tool. Thus, a junction strength can be even further 
improved. 

The distal end surface of one of the first and second tools may have a larger 
diameter than that of the other of the first and second tools. 

One of the first and second tools may have a large diameter portion which has a 
25 larger diameter than that of the distal end surface of the other tool and a small diameter 
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portion which is placed at the distal end side of the tool with respect to the large diameter 
portion and is smaller in the diameter than the large diameter portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a view illustrating the schematic structure of a junction device relating to a 

first embodiment. 

Fig. 2 is a view illustrating the schematic structure of a junction gun. 
Fig. 3 is a cross-sectional view illustrating the distal end portion of a junction tool 
relating to the first embodiment. 
10 Fig. 4 is a view typically illustrating the junction tool relating to the first 

embodiment. 

Fig. 5 is an explanatory view illustrating the state of a workpiece in the case that 
junction is performed by the junction tool relating to the first embodiment. 

Fig. 6 is a view illustrating a junction tool relating to a first modified example of the 
1 5 first embodiment. 

Fig. 7 is a view illustrating a junction tool relating to a second modified example of 
the first embodiment. 

Fig. 8 is a view illustrating a junction tool relating to a second embodiment. 

Fig. 9 is a view illustrating a junction tool relating to a third embodiment. 
20 Fig. 10 is a view illustrating a junction tool relating to a fourth embodiment. 

Fig. 11 is a view illustrating a junction tool relating to a fifth embodiment. 

Fig. 12 is a view illustrating the schematic structure of a junction device relating to 
a sixth embodiment. 

Fig. 13 is a graph illustrating the result of experiment of a junction strength with 
25 respect to a junction time when junction is performed for a workpiece made of different plate 
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materials. 

Fig. 14 is a graph illustrating the result of experiment of a junction strength with 
respect to a junction time when junction is performed for a workpiece made of thick plate 
materials. 

5 

DETAILED DESCRIPTION OF THE INVENTION 
EMBODIMENT 1 

Fig. 1 shows the schematic structure of a junction device A relating to a first 
embodiment. The junction device A joints, at points, plate materials Wl, W2 that are made 
10 of aluminum alloys, used for, e.g., a body of an automobile or the like and superimposed in 
their thickness directions (see Fig. 4). 

The junction device A includes a junction gun 1 for performing junction upon a 
workpiece W (see Fig. 4). The junction gun 1 is mounted to a wrist of a robot 2. The 
junction gun 1 is positioned by the robot 2 to a junction position of the workpiece W fixed to 
15 an unillustrated jig so as to perform the junction upon the workpiece W. 

For example, a general purpose 6-axis vertically articulated robot may be used as 
the robot 2. The robot 2 is connected to a controlling board 3 by a harness 31. The junction 
gun 1 is also connected via a relay box 34 provided in the robot 2 to the controlling board 3 
by harnesses 32 and 33. 

20 The controlling board 3 is configured so as to synchronously control eight shafts in 

total, i.e., six shafts of the robot 2 and two shafts for two motors 11 and 12 (see Fig. 2) 
provided in the junction gun 1 to be described later. 

As shown in Fig. 2, the junction gun 1 includes a junction tool 6 formed of a 
substantially cylindrical shaped first and second tools 4 and 5. 

25 The first tool 4 is disposed on a junction axis X which is perpendicular to a 
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superimposed surface W3 (see Fig. 4) of the workpiece W obtained by superimposing two 
plate materials Wl and W2 in their thickness directions. The first tool 4 is rotated about the 
junction axis X by a rotational shaft motor 11. The first tool 4 is moved upward and 
downward along the junction axis X by a press shaft motor 12. An induction motor or a 
5 servo motor may be used as the rotational shaft motor 11. A servo motor may be used as the 
press shaft motor 12. 

The second tool 5 is mounted to the distal end of a substantially L-shaped arm 13. 
The second tool 5 is disposed on the junction axis X so as to oppose the first tool 4. 

The first and second tools 4 and 5 respectively are mounted to the junction gun 1 so 
10 as to be detached therefrom. 

Configurations of the distal end portions of the first and second tools 4 and 5 will be 
described in detail with reference to Fig. 3. 

The distal end portion of the first tool 4 has a large diameter portion 41 which has a 
larger diameter than that of a distal end surface 53 of the second tool 5 and a small diameter 
1 5 portion 42 which is placed at the distal end side of the tool with respect to the large diameter 
portion 41 and has a smaller diameter than that of the large diameter portion 41. An edge 
portion 46 of the small diameter portion 42 is rounded in order to prevent concentration of 
stress of the joined workpiece W, as described later. Other edge portions of the first tool 4 
are also rounded configuration. 
20 The first tool 4 is provided with a pin 44 which protrudes from a distal end surface 

43 of the small diameter portion 42 along the junction axis X. An inverse thread is provided 
on the peripheral surface of the pin 44. 

An annular concave groove 45 is formed at the distal end surface 43 of the first tool 
4 so as to surround the pin 44. Surfaces within the concave groove 45 are smoothed. 
25 A depression 51 which is depressed from the distal end surface 53 along the 
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junction axis X is formed at the second tool 5. The depression 51 is formed in a tapered 
configuration so that its diameter increases from its bottom portion to its distal end opening 
portion. The inner peripheral surface of the depression 51 is smoothed. 

An annular convex portion 52 is formed at the distal end surface 53 of the second 
5 tool 5 so as to surround the depression 51. The convex portion 52 is formed so that its 
cross-sectional configuration is made thin toward its distal end. Further, the convex portion 
52 is formed roundly. Thus, the second tool 5 is easily sunk into the workpiece W and 
concentration of stress of the joined workpiece W can be prevented. 

A junction method for the workpiece W by the junction device A will be described. 

10 Firstly, the workpiece W is fixed by an unillustrated jig. The junction gun 1 is positioned by 
the robot 2 to a predetermined junction position on the workpiece W. Specifically, the 
workpiece W is placed between the first and second tools 4 and 5 of the junction gun 1. The 
junction position on the workpiece W is positioned on the junction axis X. The distal end of 
the second tool 5 is abutted against the bottom surface of the workpiece W. 

15 Then, the junction is performed for the workpiece W by the junction gun 1 as 

described later. When the junction of the workpiece W is completed, the junction gun 1 is 
positioned by the robot 2 to the next junction position. In this way, the junction is 
successively performed upon the predetermined junction positions set on the workpiece W. 
At the time of the junction of the workpiece W, the arm 13 of the junction gun 1 is deflected. 

20 For this reason, the position of the distal end of the second tool 5 mounted to the arm 13 is 
corrected by controlling the robot 2. A conventional control logic (e.g., performed in a 
resistance welding using a welding gun) may be applied to such positional correction. 

Next, a junction procedure for the workpiece W by the junction gun 1 will be 
described with reference to Figs. 4 and 5. Fig. 4 typically illustrates a junction tool 6 shown 

25 in Fig. 3. In Fig. 4, the same members as those of Fig. 3 are denoted by the same reference 
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numerals. Fig. 5 typically illustrates the junction portion of the workpiece W joined by the 
junction tool 6 shown in Fig. 4. 

The first tool 4 is rotated about the junction axis X by the rotational shaft motor 11 
of the junction gun 1. When the number of revolutions of the first tool 4 reaches a target 
5 number of revolutions, the first tool 4 is moved downward by the press shaft motor 12 while 
being rotated. The workpiece W is nipped by the first and second tools 4 and 5 and pressed 
in the direction of the junction axis X. The pin 44 of the first tool 4 is sunk into the 
workpiece W. 

Under this state, the first tool 4 continues to be rotated and the workpiece W 
1 0 continues to be pressed. Thus, a heat is generated by cutting the workpiece W around the pin 
44. Further, a heat is generated by a friction of the distal end surface 43 of the small diameter 
portion 42 of the first tool 4 and the surface of the workpiece W. 

Because the distal end of the convex portion 52 of the second tool 5 abuts against 
the bottom surface of the workpiece W, the area where the second tool 5 contacts the 
1 5 workpiece W is extremely small. Thus, an amount of radiation through the second tool 5 is 
reduced. As a result, the workpiece W is softened relatively early. Then, the small diameter 
portion 42 of the first tool 4 is sunk into the softened workpiece W. 

By the small diameter portion 42 of the first tool 4 sunk into the workpiece W, the 
pin 44 of the first tool 4 presses the softened workpiece W into the depression 51 of the 
20 second tool 5, so that the superimposed surface W3 of the workpiece W is caulked in the 
direction of the junction axis X (see Fig. 5). 

The depression 51 of the second tool 5 is formed in a tapered configuration so that 
its diameter increases toward its distal end opening. For this reason, even if the arm 13 of the 
junction gun 1 is deflected and thus the central axis of the depression 51 of the second tool 5 
25 is tilted with respect to the junction axis X at the time of pressing the workpiece W, it is 
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possible to prevent the central axis (junction axis X) of the pin 44 of the first tool 4 from 
being out of the distal end opening of the depression 51. As a result, the superimposed 
surface W3 of the workpiece W can be reliably caulked. 

As the concave groove 45 is formed in the first tool 4, the softened workpiece W is 
5 pressed within the concave groove 45. Further, as the convex portion 52 is formed in the 
second tool 5, the workpiece W is pressed upward along the direction of the junction axis X. 
In this way, the superimposed surface W3 of the workpiece W is caulked in the direction 
opposite to the aforementioned caulking direction (i.e., in the direction from the second tool 
5 to the first tool 4) around the pin 44 sunk into the workpiece W. The superimposed surface 

10 W3 of the workpiece W is even further caulked (see Fig. 5). 

While the pin 44 and the small diameter portion 42 of the first tool 4 being sunk into 
the workpiece W, the first tool 4 continues to be rotated and pressed. Then, plastic flow 
occurs within the workpiece W. A plastic flow generated by the rotation of the first tool 4 is 
mainly along the superimposed surface W3. As the superimposed surface W3 of the 

15 workpiece W is caulked by the pin 44 and the concave groove 45 of the first tool 4 and the 
depression 51 and the convex portion 52 of the second tool 5, a plastic flow along the 
junction axis X is also generated (see the arrows in Fig. 5). As a result, the vicinity of the 
superimposed surface W3 of the workpiece W is agitated in the direction along the 
superimposed surface W3 and the direction of the junction axis X (i.e., direction 

20 perpendicular to the superimposed surface W3). 

The inverse thread is formed at the peripheral surface of the pin 44 of the first tool 
4. Thus, the agitation of the workpiece W is even further accelerated. 

Further, the first tool 4 continues to be rotated and pressed, so that the range W4 of 
the plastic flow within the workpiece W is expanded. 

25 The first tool 4 abuts the surface of the workpiece W at its large diameter portion 
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41. Because the large diameter portion 41 has a relatively large diameter, the area where the 
large diameter portion 41 of the first tool 4 contacts the surface of the workpiece W is 
relatively large. Thus, the amount of heat generated is increased and the range W4 of plastic 
flow within the workpiece W is expanded within a short time. 
5 As the area where the large diameter portion 41 of the first tool 4 contacts the 

surface of the workpiece W is large, a pressing force of the first tool 4 (i.e., a force per unit 
area acting upon the workpiece W from the first tool 4) is reduced. As a result, sinking of the 
first tool 4 into the workpiece W can be suppressed and a reduction in the thickness of the 
workpiece W (plate material Wl) can be suppressed (see L2 in Fig. 5). 

10 Further, sinking of the first tool 4 into the workpiece W is suppressed and thus 

sinking of the second tool 5 into the workpiece W becomes increased. Then, it is possible to 
prevent the portion of the workpiece W pressed within the depression 51 of the second tool 5 
(i.e., protrusion W5) from being further protruded from the surface of the workpiece W after 
junction (see LI in Fig. 5). Consequently, the appearance of the workpiece W after junction 

15 is improved. 

In this way, the agitation within the workpiece W continues for a predetermined 
period of time and then the first tool 4 is moved upward by the press shaft motor 12 while 
being rotated. Thus, the first tool 4 (and the second tool 5) are pulled from the workpiece W. 
As the inner peripheral surfaces of the concave groove 45 in the first tool 4 and the 

20 depression 51 in the second tool 5 are smoothed, the workpiece W does not adhere to such 
surfaces. Thus, it is possible to prevent the workpiece W from being torn when the junction 
tool 6 is pulled therefrom. 

Thereafter, the workpiece W is cooled rapidly and thus cured. In this way, the 
junction for the workpiece W has been completed. 

25 In the junction portion of the workpiece W joined as described above, the edge 
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portion 46 of the small diameter portion 42 of the first tool 4 is rounded and thus the portion 
of the workpiece W corresponding to this edge portion becomes smooth. As a result, it is 
possible to prevent concentration of stress of the junction portion. 

As described above, in accordance with the junction method relating to the first 
5 embodiment, the pin 44 is provided in the first tool 4 of the junction tool 6 and the depression 
51 is provided in the second tool 2 thereof. Thus, the superimposed surface W3 of the 
workpiece W can be caulked in the direction along the junction axis X. Further, the concave 
groove 45 is provided around the pin 44 of the first tool 4 and the convex portion 52 is 
provided at the peripheral edge of the depression 51 of the second tool 5. Accordingly, the 

10 superimposed surface W3 of the workpiece W can be even further caulked in the direction 
along the junction axis X. 

By the pin 44 and the concave groove 45 in the first tool 4 and the depression 51 and 
the convex portion 52 in the second tool 5, plastic flows can be generated within the 
workpiece W in the direction along the superimposed surface W3 and in the direction 

15 perpendicular to the superimposed surface W3, so that the workpiece W can be agitated 
sufficiently. 

In accordance with the junction method relating to the first embodiment, the 
junction of the workpiece W is carried out by performing the agitation within the workpiece 
W and the caulking of the superimposed surface W3 of the workpiece W in a composite 
20 manner. Thus, a junction strength can be significantly improved as compared to 
conventional cases. 

Even in the case of joining thick plate materials or plate materials with relatively 
high strength, in accordance with the junction method relating to the first embodiment, the 
agitation within the workpiece W is performed sufficiently and the superimposed surface 
25 W3 of the workpiece W is caulked, so that a sufficient junction strength can be obtained. 
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Especially, sinking of the first tool 4 into the workpiece W is suppressed because the first 
tool 4 is provided with the large and small diameter portions 41 and 42. Thus, a reduction in 
the thickness of the plate material Wl can be suppressed even in the case of joining thick 
plate materials. 
5 (MODIFIED EXAMPLE 1) 

In accordance with the junction tool 6 relating to the first embodiment, the first tool 
4 has the large diameter portion 41 and the small diameter portion 42. In accordance with a 
junction tool 61 relating to a first modified example, as shown in Fig. 6, a first tool 4a does 
not have the small diameter portion 42. The distal end surface 43 of the first tool 4a has a 

10 larger diameter than the distal end surface 53 of the second tool 5. The first tool 4a is 
provided with the pin 44 protruding from the distal end surface 43 along the junction axis X 
and the annular concave groove 45 surrounding the pin 44. 

The second tool 5 of the junction tool 61 relating to the first modified example is the 
same as the second tool 5 relating to the first embodiment. The second tool 5 relating to the 

15 first modified example is provided with the depression 51 which is depressed at the distal 
end surface 53 along the junction axis X and the annular convex portion 52 surrounding the 
depression 51. 

When junction for the workpiece W is performed by using the junction tool 61 
relating to the first modified example, the superimposed surface W3 of the workpiece W can 

20 be sufficiently caulked along the junction axis X by the pin 44 of the first tool 4a and the 
depression 51 of the second tool 5, and the concave groove 45 of the first tool 4a and the 
convex portion 52 of the second tool 5. Further, plastic flows occur within the workpiece W 
along the direction of the superimposed surface W3 and the direction perpendicular to the 
superimposed surface W3, so that the workpiece W can be sufficiently agitated. In this way, 

25 a junction strength can be improved. 
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Because the distal end surface of the first tool 4a has a large diameter, sinking of the 
first tool 4a into the workpiece W at the time of junction can be suppressed. Thus, a 
reduction in the thickness of the workpiece W (plate material Wl) can be suppressed (see L2 
in Fig. 5). Further, as the second tool 5 is greatly sunk into the workpiece W, the protrusion 
5 W5 can be prevented from being protruded greatly from the surface of the workpiece W 
after junction (see LI in Fig. 5). 

In the case of the junction with the junction tool 61 relating to the first modified 
example, sinking of the first tool 4a is suppressed at the time when the pin 44 of the first tool 
4a is sunk into the workpiece W. Thus, it takes a long time for plastic flows to be generated 
10 within the workpiece W, so that the time required for junction becomes long. 
(MODIFIED EXAMPLE 2) 

In accordance with a junction tool 62 relating to a second modified example, as 
shown in Fig. 7, the distal end surface 43 of a first tool 4b has a relatively small diameter. 
Specifically, the distal end surface 43 of the first tool 4b relating to the second modified 
15 example is set so as to have substantially the same diameter as that of the distal end surface 
53 of the second tool 5. The first tool 4b is also provided with the pin 44 protruding from the 
distal end surface 43 along the junction axis X and the annular concave groove 45 
surrounding the pin 44. 

The second tool 5 of the junction tool 62 relating to the second modified example is 
20 the same as the second tool 5 relating to the first embodiment. The second tool 5 relating to 
the second modified example is provided with the depression 51 which is depressed at the 
distal end surface 53 along the junction axis X and the annular convex portion 52 
surrounding the depression 51. 

When junction for the workpiece W is performed by using the junction tool 62 
25 relating to the second modified example, the superimposed surface W3 of the workpiece W 
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can be sufficiently caulked along the junction axis X by the pin 44 of the first tool 4b and the 
depression 51 of the second tool 5, and the concave groove 45 of the first tool 4b and the 
convex portion 52 of the second tool 5. Further, plastic flows occur within the workpiece W 
along the direction of the superimposed surface W3 and the direction perpendicular to the 
5 superimposed surface W3, so that the workpiece W can be sufficiently agitated. 

When the junction starts, the distal end of the convex portion 52 of the second tool 5 
abuts against the bottom surface of the workpiece W. Thus, a pressing force becomes large 
at the portion of the distal end surface 43 of the first tool 4b corresponding to the convex 
portion 52 (i.e., at the peripheral portion of the pin 44). For this reason, the range W4 of 

10 plastic flow within the workpiece W can be expanded from the vicinity of the center of the 
first tool 4b toward radially outside. 

Because the distal end surface 43 of the first tool 4b in the junction tool 62 relating 
to the modified example 2 has a relatively small diameter, the amount of sinking of the first 
tool 4b into the workpiece W may be increased. Thus, the thickness of the plate material 

15 Wl may be reduced and the amount of sinking of the second tool 5 may be decreased. As a 
result, the protrusion W5 may be protruded greatly from the surface of the workpiece W. 
EMBODIMENT 2 

In accordance with a junction tool 63 relating to a second embodiment, as shown in 
Fig. 8, the first tool 4b is the same as the first tool relating to the second modified example in 
20 the first embodiment. The distal end surface 43 of the first tool 4b is set to have substantially 
the same diameter as that of the distal end surface 53 of the second tool 5. The first tool 4b is 
provided with the pin 44 protruding from the distal end surface 43 along the junction axis X 
and the annular concave groove 45 surrounding the pin 44. 

A second tool 5a of the junction tool 63 relating to the second embodiment is 
25 provided with the depression 51 which is depressed at the distal end surface 53 along the 
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junction axis X but not with the annular convex portion 52. 

When junction is performed for the workpiece W by using the junction tool 63 
relating to the second embodiment, the superimposed surface W3 of the workpiece W can be 
caulked in the direction of the junction axis X by the pin 44 of the first tool 4b and the 
5 depression 51 of the second tool 5a. Further, the softened workpiece W is pressed into the 
concave groove 45 of the first tool 4b and thus the superimposed surface W3 of the 
workpiece W can be even further caulked. 

Plastic flows can be generated within the workpiece W in the direction along the 
superimposed surface W3 and in the direction perpendicular to the superimposed surface 
1 0 W3. Consequently, a junction strength can be improved as compared to conventional cases. 

Here, in accordance with the junction tool 63 relating to the second embodiment, 
the convex portion 52 is not provided in the second tool 5a. Thus, a caulking action may be 
degraded as compared to the case of joining the workpiece W by using the junction tool 6 
relating to the first embodiment. 
15 The plastic flow in the direction perpendicular to the superimposed surface W3 

may be weakened as compared to the case of joining the workpiece W by using the junction 
tool 6 relating to the first embodiment. 

In the junction tool 63 relating to the second embodiment, the first tool 4b may be 
configured so as to have the large and small diameter portions 41 and 42 as in the first 
20 embodiment. Alternatively, as in the first modified example in the first embodiment, the 
diameter of the distal end surface 43 of the first tool 4b may be larger than that of the distal 
end surface 53 of the second tool 5a. 
EMBODIMENT 3 

In accordance with a junction tool 64 relating to a third embodiment, as shown in 
25 Fig. 9, a first tool 4c is provided with the pin 44 protruding from the distal end surface 43 
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along the junction axis X but not with the annular concave groove 45. 

The second tool 5 of the junction tool 64 relating to the third embodiment is the 
same as the second tool 5 relating to the first embodiment. The second tool 5 is provided 
with the depression 51 which is depressed at the distal end surface 53 along the junction axis 
5 X and the annular convex portion 52 surrounding the depression 51. 

When junction is performed for the workpiece W by using the junction tool 64 
relating to the third embodiment, the superimposed surface W3 of the workpiece W can be 
caulked in the direction of the junction axis X by the pin 44 of the first tool 4c and the 
depression 51 of the second tool 5. Further, the softened workpiece W is pressed upward by 
10 the convex portion 52 of the second tool 5 and thus the superimposed surface W3 of the 
workpiece W can be even further caulked. 

Plastic flows can be generated within the workpiece W in the direction along the 
superimposed surface W3 and the direction perpendicular to the superimposed surface W3. 
Consequently, a junction strength can be improved as compared to conventional cases. 
15 Because the concave groove 45 is not provided at the first tool 4c in the junction 

tool 64 relating to the third embodiment, when the junction is performed for the workpiece 
W by using the junction tool 64, a caulking action may be slightly degraded. 

The plastic flow in the direction perpendicular to the superimposed surface W3 is 
weakened as compared to the case of joining the workpiece W by using the junction tool 6 
20 relating to the first embodiment. 

In the junction tool 64 relating to the third embodiment, the first tool 4c may be 
configured so as to have the large and small diameter portions 41 and 42 as in the first 
embodiment. Alternatively, as in the first modified example in the first embodiment, the 
diameter of the distal end surface 43 of the first tool 4c may be larger than that of the distal 
25 end surface 53 of the second tool 5. 



EMBODIMENT 4 

In accordance with a junction tool 65 relating to a fourth embodiment, as shown in 
Fig. 10, a first tool 4c is the same as the first tool 4c relating to the third embodiment. The 
first tool 4c of the fourth embodiment is provided with the pin 44 protruding from the distal 
5 end surface 43 along the junction axis X but not with the annular concave groove 45. 

A second tool 5a of the junction tool 65 relating to the fourth embodiment is the 
same as the second tool relating to the second embodiment. The second tool 5a is provided 
with the depression 51 which is depressed at the distal end surface 53 along the junction axis 
X not with the annular convex portion 52. 
10 When junction is performed for the workpiece W by using the junction tool 65 

relating to the fourth embodiment, the superimposed surface W3 of the workpiece W can be 
caulked in the direction of the junction axis X by the pin 44 of the first tool 4c and the 
depression 51 of the second tool 5a. 

Further, plastic flows can be generated within the workpiece W in the direction 
15 along the superimposes surface W3 and the direction perpendicular to the superimposed 
surface W3. Thus, a junction strength can be improved as compared to conventional cases. 

In accordance with the junction tool 65 relating to the fourth embodiment, the 
concave groove 45 is not provided in the first tool 4c and the convex portion 52 is not 
provided in the second tool 5a. When the junction is performed for the workpiece W by 
20 using the junction tool 65, a caulking action may be slightly degraded. 

The plastic flow in the direction perpendicular to the superimposed surface W3 is 
weakened as compared to the case of joining the workpiece W by using the junction tool 6 
relating to the first embodiment. 

Also in the junction tool 65 relating to the fourth embodiment, the first tool 4c may 
25 be configured so as to have the large and small diameter portions 41 and 42 as in the first 
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embodiment. Alternatively, as in the first modified example in the first embodiment, the 
diameter of the distal end surface 43 of the first tool 4c may be larger than that of the distal 
end surface 53 of the second tool 5. 
EMBODIMENT 5 

5 In accordance with a junction tool 66 relating to a fifth embodiment, as shown in 

Fig. 11, the first tool and the second tool of the junction tool 65 relating to the fourth 
embodiment is counterchanged. Namely, a depression 47 which is depressed at the distal 
end surface 43 along the junction axis X is formed at the first tool 4d of the junction tool 66 
relating to the fifth embodiment. 
10 The second tool 5b of the junction tool 66 relating to the fifth embodiment is 

provided with the pin 54 protruding from the distal end surface 53 along the junction axis X. 

When junction is performed for the workpiece W by using the junction tool 66 
relating to the fifth embodiment, the superimposed surface W3 of the workpiece W can be 
caulked in the direction of the junction axis X by the depression 47 of the first tool 4d and the 
1 5 pin 54 of the second tool 5b. 

Further, plastic flows can be generated within the workpiece W in the direction 
along the superimposed surface W3 and the direction perpendicular to the superimposed 
surface W3. Thus, a junction strength can be improved as compared to conventional cases. 
Also in the junction tool 66 relating to the fifth embodiment, the first tool 4d may 
20 be configured so as to have the large and small diameter portions 41 and 42 as in the first 
embodiment. Alternatively, as in the first modified example in the first embodiment, the 
diameter of the distal end surface 43 of the first tool 4d may be larger than that of the distal 
end surface 53 of the second tool 5. 

In the junction tools 61 to 65 relating to the first to fourth embodiments, the first 
25 tools and the second tools may be counterchanged. 

27 



EMBODIMENT 6 

A junction device relating to a sixth embodiment is different from that of the first 
embodiment. Specifically, as shown in Fig. 12, in accordance with a junction device B 
relating to the sixth embodiment, a handling tool 7 for holding the workpiece W is mounted 
5 to the wrist of the robot 2. The junction gun 1 is mounted to a frame 8 which is installed 
separately from the robot 2. 

The robot 2 is connected via a branch box 35 to the controlling board 3 by the 
harness 31. The junction gun 1 is connected via the harness 33 and the relay box 34 to the 
branch box 35 and the controlling board 3 by the harnesses 36 and 32, respectively. 
10 When junction is performed for the workpiece W by the junction device B, the 

workpiece W is held by the handling tool 7 and a predetermined junction position set on the 
held workpiece W is positioned by the robot 2 between the first and second tools 4 and 5 of 
the stationary junction gun 1. Then, the junction for the workpiece W is performed by the 
junction gun 1. 

15 In accordance with the junction device B, the workpiece W is positioned by the 

robot 2 and thus the precision of the junction position may be degraded as compared to the 
junction device A relating to the first embodiment. Thus, the junction device B may be used 
for additional junction in the case where a plurality of junction positions are set on the 
workpiece W. Junction is performed by the junction device A relating to the first 

20 embodiment for, among a plurality of junction positions, junction positions for temporary 
junction requiring high positional precision and by the junction device B relating to the sixth 
embodiment for junction positions for additional junction which does not require high 
positional precision. 
OTHER EMBODIMENTS 

25 The present invention is not limited to the above-described embodiments and may 
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include other various embodiments. Although the first tool 4 is rotated but the second tool 5 
is not rotated when junction is performed for the workpiece W in accordance with the 
above-described embodiments, both of the first and second tools 4 and 5 may be rotated. 

Although junction is performed for the workpiece W obtained by superimposing 
5 two plate materials Wl and W2 in their thickness directions in accordance with the above- 
described embodiments, junction may be performed for a workpiece W obtained by 
superimposing three or more plate materials. Namely, in accordance with the present 
invention, junction may be performed for a workpiece made of three or more plate materials. 
EXAMPLES 

10 Specific examples of the junction method relating to the present invention will be 

described. 

Junction was performed for a workpiece W formed of different plate materials by 
the junction method relating to the present invention (present example) and a conventional 
junction method (comparative example). Specifically, a plate material of a 5000 series 

1 5 aluminum alloy (with a thickness of 1 .0 mm) and a plate material of a 6000 series aluminum 
alloy (with a thickness of 2.0 mm) were joined. 

In accordance with this example, junction was performed for the workpiece W by 
the junction tool 6 shown in Fig. 3. On the other hand, in accordance with the comparative 
example, the junction was performed for the workpiece W by using a junction tool 

20 configured by a first tool which is provide with only a pin (not with a concave groove) and a 
second tool whose distal end surface is flat (a depression and a convex portion were not 
formed). 

Fig. 13 illustrates the results. In accordance with the comparative example, a 
junction strength was not increased even though a junction time became long. The junction 
25 strength was around 1 .00 kN. Namely, a sufficient junction strength could not be obtained in 
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the comparative example. In contrast, in the present example, the junction strength was 
gradually increased as the junction time was extended. A sufficient junction strength, i.e., 
about 2.50 kN of the junction strength could be obtained. 

Next, junction was performed for a workpiece W made of relatively thick plate 
5 materials by the junction method relating to the present invention (present example) and a 
conventional junction method (comparative example). Specifically, a plate material with a 
thickness of 2.0 mm (made of a 6000 series aluminum alloy) and a plate material with a 
thickness of 1.6 mm (made of a 6000 series aluminum alloy) were joined. 

In accordance with the present example, the junction was performed for the 
10 workpiece W by using the junction tool 6 shown in Fig. 3. In accordance with the 
comparative example, the junction was performed for the workpiece W by using a junction 
tool configured by a first tool in which only a pin is formed and a second tool with a flat 
distal end surface. 

Fig. 14 illustrates the results. In the comparative example, when a junction time 
15 was extended, a junction strength was gradually increased and the junction strength of 
around 2.00 kN at most could be obtained. On the other hand, in accordance with the present 
example, as compared to the comparative example, higher junction strength could be 
obtained with the same junction time. Further, an extremely large junction strength, i.e., 
about 3.70 kN of the junction strength could be obtained in the present example. 
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